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PREFACE 

In 1963, in response to a request from the Ministry of Petroleum 

and Mineral Resources, the Saudi Arabian Government and the U. S. 

Geological Survey, U. S. Department of the Interior, with the approval 

of the U. S. Department of State, undertook a joint and cooperative 

effort to map and evaluate the mineral potential of central and western 

Saudi Arabia. The results of this program are being released in USGS 

open files in the United States and are also available in the Library 

of the Ministry of Petroleum and Mineral Resources. Also on open file 

in that office is a large amount of material, in the form of unpublished 

manuscripts, maps, field notes, drill logs, annotated aerial photo-

graphs, etc., that has resulted from other previous geologic work by 

Saudi Arabian government agencies. The Government of Saudi Arabia 

makes this information available to interested persons, and has set 

up a liberal mining code which is included in "Mineral Resources of 

Saudi Arabia, a Guide for Investment and Development," published in 

1965 as Bulletin 1 of the Ministry of Petroleum and Mineral Resources, 

Directorate General of Mineral, Resources, Jiddah, Saudi Arabia. 



 

GEOCHEMICAL MAPS OF SAMRAII AND VICINITY 
KINGDOM OF SAUDI ARABIA 

by 

Paul K. Theobald and Charles E. Thompson 

ABSTRACT 

Geochemical maps of Samrah and vicinity, near Ad Dawadimi, 

display anomalies for the ore metals over each of the major ancient 

mining sites, a large contamination anomaly over the ancient ore-

processing waste, and less-well defined anomalies parallel to 

mineralized structures. Zirconium and lanthanum display negative 

anomalies over altered rocks, do not display the contamination 

anomaly, and, for zirconium, identify the west workings at Samrah as 

the site of most intense alteration.. 

INIRODUCT ION 

The Samrah ancient silver mine is about 15 kilometers south of 

Ad Dawadimi at lat 24°22'N; long 44°22' E. Thor H. Kiilsgaard (1970) 

summarizes previous work in the area: "Karl S. Twitchell examined the 

mine in 1931 and samples some of the ancient dumps. The deposit was 

studied in more detail by Richard G. Bogue (unpub. data, 1954), who recommendec 

that ancient tailing dumps be sampled and that diamond drilling be 

done to determine the persistence and grade of the veins at depth. 

Harold A. Quinn (1964) studied the mine and nearby deposits and laid 

out a proposed drilling diamond project. The geology of the Samrah 

mine and vicinity was mapped by Paul K. Theobald, Jr. (1970). 
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.Theobald also laid out Drill Hole Na. 1 and prepared a detailed 

description of the findings in that hole (Theobald and others, 1970." 

A total of 3,624 meters were drilled in 18 holes; the last was completed 

during the spring of 1967. Kiilsgaard visited the area in May 1968 

and studied drill logs, sample data, published and unpublished reports; 

he prepared (1970) an evaluation of the diamond drilling program and also summarized 

the geology and calculated the reserves. 

The results of geochemical surveys of Samrah and vicinity made 

in connection with geologic mapping the author did there earlier have 

been studied and geochemical maps have been prepared. The Directorate 

General of Mineral Resources has asked that these maps be released in 

report form so as to be useful to the Directorate in its work now 

under way at Samrah. 

The attached suite of eight geochemical maps (figs 1-8) display 

variations in three groups of elements in the 30-to 80-mesh fraction 

of wadi sediment from Samrah and its vicinity. The maps show drainage, 

major mines, and slag piles for the same area as the geologic map of 

Samrah and vicinity that accompanies the earlier report by Theobald 

(1970). They are intended for use with that map and, like it, are 

compiled on an uncontrolled mosaic from aerial photographs. All of 

the analytical data was determined by optical emission spectrography 

in the laboratory in Jiddah. The analytical and sampling precision 

have been discussed by Theobald and Thompson (1968). The data 
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presented here in the maps for lead, zinc, silver, and, particularly, 

zirconium were used with the geologic map to locate the first drill 

hole at Samrah (Theobald, Thompson, and Horn, 1970). 

The maps are divided into three groups for convenience in the 

brief discussion that follows. These groups are (1) the ore metals, 

lead, zinc, silver, copper, and molybdenum (figs. 1-5), (2) zirconium 

and lanthanum (figs. 7 and 8), elemnts depleted in the alteration zone 

at Samrah, and (3) the other elements (fig. 6). 

THE ORE METALS 

The distribution patterns for all five of the elements enriched 

in the ore zone are remarkably similar. With the exception of the 

weak anomalies for copper, and molybdenum metals sparsely represented 

in the ore, all of the patterns display anomalies over each of the major 

ancient mining areas except Samrah East. The major anomaly for each 

element is centered over the valley southeast of Samrah and results 

from the accumulation of mill tailings piled in this valley by the 

ancient miners. A weaker south lobe of this anomaly is evidently 

related to the arcuate area of slag piles. When these two sources 

of contamination are identified and mentally removed from the major 

anomaly, a pair of "residual" anomalies at a considerably lower level 

than the contamination anomaly can be recognized. These are parallel 

to and along the principal northeast trending vein system at Samrah -

and indicate extension of this system well to the southwest of its 

outcrop - and along the dike swarm extending east across the Samrah 
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Tein system from Ahfore to the Dyke mine. The intersection of these 

:wo mineralized structural elements was chosen as the most likely site 

or ore. 

ELEMENTS DEPLETED IN THE ALTERATION ZONE 

The distribution pattern for zirconium is striking. From a 

fegional background of 50 to 100 ppm, the values drop to 10 ppm in a 

Low centered over the western mine workings at Samrah. The major low 

Ls interrupted over the contaminated valley where values of 50 ppm 

predominate. We interpret this negative anomaly to reflect removal of 

zirconium from the altered country rock surrounding the vein system. 

Evidently the material introduced in the veins themselves is little 

'different from the unaltered country rock in terms of zirconium content, 

hence the interruption of the negative anomaly in the area of maximum 

contamination. Thus the zirconium distribution offers a means of 

bypassing the major problem of contamination and led to choice of the 

western workings at Samrah as the ultimate goal of the first drill hole. 

Lanthanum distribution provides some confirmation of the negative 

zirconium anomaly. Unfortunately, the lanthanum background is near 

the analytical sensitivity, and no good definition of a negative 

anomaly is possible. However, the frequency of detectable lanthanum in 

the area remote from Samrah is sufficient to allow confidence that the 

absence of any detectable lanthanum near Samrah reflects removal 

attending alteration. 
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OTHER ELEMENTS 

Maps of the distribution of titanium, cobalt, chromium and nickel 

have been compiled, but only that for cobalt is included (fig. 6). 

We see nothing in any of these patterns that can be related with 

confidence to the ore potential of the base metal mines in the vicinity. 

An increase in all of these metals at the northwest corner of the map, 

north of Ar Rudahat, results from proximity to the edge of a maf ic ring 

complex in this area. 
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Figure 1.-.Geochemical map of Samrah and vicinity showing the distribution of lead in wadi 
sediment (30 to 80 mesh). 

• \ \ KA- 1 \ 
... k 1, "r ,\,1-• !` ( - -I` \,t ) - 1

,...„ \
1).‘ • 41t • ...um, \ t'..r " 

-\•-• A ' e ),--
i ‘ _ - -1 ----.,'.1. t 

- ( _ 1 / 1' ,•''' -
.r 1.(1/ /1 ) ,I ' • • q s, „. • _ _ .. _ 

'-‘ 1 \)(\ i(ivI \\Z.....- ..--• .... j
••• - ..2.--- I 4 \-..--7---ir ix-----",, , 

_. 

A —(1 ̀ (( 
. 

k- / / Il.:.\ t'i e- ,.., --- , _C<Li..- ' -'• j‘ j'Lt -- — , .1 -,
•,., / , J 4 ----,-' f

\/ ,,, .._ 
'••., (i , 1/4 :4,1'4-

/. -'--:.,/ .._ 1 , t(/411.,.. 440 20• 
, ; f , ir / - I71 • 20 . t- 24. 77.

7 re rf \''
I )

EXPLANATION \ 11f 
/ • \ 

ZINC (PPM) 
Crest of label y. 

> 10.000 ) r 
fAncmol T.NOMN. 

or glory bolo 1000-7000 

••, 
•1000-2000

Slog front 0n00101 
smelling opotollon 

300-700 

•• •'TrOil too- 200 •,• /\ , 
Na. 1.< weer, SP•OmIng < 100 

0.4111 IOC •I • On •<-4-‹ 
*".• \ 
Alias I 

„Ottwelbolk "./
•-•.< oe 0! at, 01 (T0• 

• ,\ 
-J 

Figure 2.- Geochemical map of Samrah and vicinity showing the distribution of zinc in wadi 
sediment (30 to 80 mesh). 

6 



 

  

 

 

    

    

 

    

     

 

 

 

 

 

  

 
 

 

 

'

------ 

r \ \f-- \--- ‘ \t,„ 

s., ." , t ilc-. 
1_, A A, 

t -.-
_,.'\ .<*..*•, 1 I \ i I 1 L./ i Y • 

., y ),, ,, ,1k ,_ , (-.% i . • , . ,. , ,,.. - , ..„..,. i ‘, j.„6___:,, ../ "' 
/ 'g) .. ' r /C • it l, .----, N , i_ l • 11 • \ 

t "1.0 \ ...N '•1 - '/- .2.z_ -• r; ) ' , / r („...._.„..,-- ,.--. -- --- "4 k...- -- - -,• A•e.' 114, A? 
P41•7, 1- • 14.21. 

- • o \EXPLANATION ',I , ,,A11

•-•/ '11‘ 
S1LV(/4 (PPM) 1q .

C,••, of 0001 / 
;4—,

1103 200 
t-• //1 
• 1 ..-I 

Aft, 9.1 

0,05, .0.0 30-70 

j 40- 20
Slag ,r0-rA enc,•-? 

...It, 006, 01,0A 

. • " 
I-2 

c •ss /y,„ , • 1•7V11001. OhOlporog < _ 
SANWA 1010•100 

A.m.% 
,0,011•11 

0,5 O. Art.:YAA IAA 

,\ 1 

\ 

Figure 3.- Geochemical map of Samrah and vicinity showing the distribution of silver in wadi 
sediment (30 to 80 mesh). 

\ 

PS" 
A Ar • 
"."". ALI ( r, fir -rp A I 

\ • 

_ -1 ► * s 
• .0. 

\il V- ,\•-(•,/ • t • , 

./ 
......,\i • J'` f. ..., ? ,• -, -- ‘•• 1/4 ' -I—e '1,.. '' - . t , , \,, z 

( , .. •--,„;.,' 

•-- ' ' ,--,,.,_-,-_ 
_i 

(,)'‘,'-\ %.,- j 

.4<"  -,. „ . - 1L 
, • -, 

44. te.4 ; I . 
I r , t, '\ .,,<"-: :. r r. . , • ,, .- *woo, \ ..- • v ,, ,..,„, ' , t .1 i ..-

, - -
;--- , -

A • COPPER . . 
EXPLANATION 

- • 7'") 1 a-.J-.3 
Cr•I, 0, 'Ob., f.--/- -200-700 

\ \ •/1Anc,orit Into., trench, 
C .pe glory A0,0 , 70-Itso 

r•-• ' , ' • ,,i /'A % . ' 1 , .... , , „.... 
L] 20-50 ' • 1 — 1 ' 

operaher, )...
Slog from onc.ont 

<IS ‘ N. ‘.1 • , -- \ ......,), ., 
..1 \., 

Vi 
-5-- i1, - , \ • 'i' .7.--1 \

A% \ / -- t. - ' ." Trall I ' , '''''...' - \ 5" 
I* / " . s' • : i , ` . s ' 

Mod, iho..ng .‘ ' -'-‘.. \ 
locahon ( , / „4-‹

% • / 4,... \ ‘.._ 1."... N:::!• % I  I 
AYR,. ..-•.,:::•-•-- ,„,r.‘. , 

.,...., ,•1,....4 - .- /....... ,....< ..u, 
1 t 

Ol AA.CAA•1•• 
--...„_. 

\ ,\ ,. 

Figure 4.- Geochemical map of Samrah and vicinity showing the distribution of copper in wadi 
sediment (30 to 80 mesh). 

7 



 

 

  

 
 

 

 

 

 

 

 

 

 1

-

i \ \ ,-- \- % ‘ 

i, t \ So ,,-."(V k k ‘, ,, t'‘‘'0;;" _ 
i \._ 1 \ •. . •\1\..1 r:

1 A A, ' ' • ' ' 
, ...... \-•tr' h• , • .. r, 1,--)"k \ -- \ -TtC /',..--\ 1,' ,.- „--e.... f..-4,_-___ ,i., ; ) i .: fr k i,.-.;,... , rl 

- '------. '1'-'''-
,4---= - -- ,,3;:. 1,1 s .r‘'il̀\ii,",....:6 _.)'  t(1,1 -1-.:./j• YYv .1.;', *. ‘ - : I S ti.,L P ti _,...,, 4. \- ' -r- I' /1 .',."‘"• ' i,(''' / ' I ai.:;')''—', _ .,, --• 

N - .......- i ,/ 4 ( 1••,. / i‘ k4 ---'' ... ,r • i-e- 's f r ;` ,,2 --: 
(. i I 4....ys::::• , 

...ssp ...... ).. 4 • \ /.' 4,4. 4 
..— .e..laa,f',... } r j , .1 r '•••ii . 44. 21. 
a /-L 1 , I ik ( - - -- , , „t ,,, ( is •

24•ft . i ,-- .,0* AVM i i i •,' — . , i ' e r ' : ).;,--. -t'ik'l .,' .'E XfLANATION ..• - ii.,sy",• f ,-,feif\ ̀-,,, ----/j .. .4......r-,--,:, ..- , , , \ 1 ' "i ' :,..< • / • • 1 
MOLYBDENUM, (PPM) ...., 

Creel of law ..--.......t7:: ../..,. ' ';'''' ' / ,.... • - i' . 'p'i- I;1,4—,=-- i - —7-10 •a•,.. .... 4 \ . //0,00 1,1/. . ;,, .1-,, , f — . sr•—•-• 1 • k / 1 il t , fAncienl ro.no.Irsofk, ,..... \ -';'?...'1111 jil 4 -• :'• ' .1- ---.‘-' 
or Vet, hole 1- ._,„...., , Ai .. ....-,, ,- ..:,2, ,;......-_- .v.-,--...,i--,_-:,----,--

3,.,.,„-- s-, ... , 2...,..,.... 
<.: i , -,1,.-.1\- . \\ \-. \ v _ - - ,-3 

SIGs horn ancient • . ' t T_..
( '\':* ..:::`'... --,..7-•,,.......... .... .., ,../ ' .:'>L--

so•411,no oporohoo 4e • 
A$ ‘ \ .2 1 ‘'s 

s't , • z \ /I 
•• ....—Troll •, ' .. 4 ,......./...... ...._..., -7---./k; \ -....... \ • • ‘, 

Wee., 00.ing 
1.0110, ••• ) • '"*•-

• .• , 
••••;.5"!€104 „ \ • 

- 't 
ure.... 

• / o! 5 loiCait frof 1 

Figure 5.- Geochemical map of Samrah and vicinity showing the distribution of molybdenum in 
wadi sediment (30 to 80 mesh). 

44 .19 

:4 • ,, • -

--I .• • •' ' k ' ..!'" $. ''
.4" i-,; •- • 7...,, .., 

; . i. ,,,,..r" .;. ,‘'.- ' '. -i•e, .,'„, ;if' . • • ,,,i4.- .."' 
,... ....„...z. 

,(..),,,-). • ;/ T, • , L,..., t.,, „, f ,, ; .,—......„., ,, ,•, , ,. „ , ,,,,,,,---- , - •,,, I r 7 1 , •
• 47 , $/ ----r •,..;)7,,•4 2,, . —,--•

ii,, •,.. ,-- •1 
),\C--< . 5--- --. 

, . ......:. 
44.22'; 

¶-14.02. 

EXPLANATION 

Crest of jabot 
COBALT (PPM) 

50 
/moon, roinctronch, 

or olory hole 

Moo from °Relent 

wolfing Opor•food 

F 
30 

0 

5 

*•\ 
A :A 

Trod 

Wed,. skew*. 
404414 144.104,011 

;\ /4; 
..... _ 

..,... 

. 
'a 

, ' ' ' ::::: . • 
I ..../... ilfz . 7 ... ...... 

1 

•••• • 1 
Of
• 

44.014C1fd 

} 

Figure 6.- Geochemical map of Samrah and vicinity showing the distribution of cobalt in wadi 
sediment (30 to 80 mesh). 

8 



 

 

  

 

  

 

  

- --- 

-- -- - - 

-• . A .\I \ 
1 

• I\ \c:l , • \ • el
` L - .,.1 •••• : .... ‘ 1, ' 

' • • • ,''. \ , •,, .., . ., • ).• 1 1.) 50 
It.'Ke.%,„ ' • \ \) I ' •••. 

• 1 ‘T` s ••\. J 1,44'.• • "..\ • '• ,-,-,444. t * 11 

50 ; \ • r, ' • 
'..t ,•t•-_ ' • z %;,'•. : 

• 41'.. (1.; 
'.• Y 

- • • ..,, 

4 '•
79 

"1'1,  •, ,(:V. ••• '3 • l;:•• Z 1;- •/ 
V. (X, „ '; :";

7• /• "04•;.' •;*•:•' 
/ r- 042• 1' , / • 

• 00 "1 "tie 
1.' 11 ":\ 4 ‘ 

EXPLANATION •-• 
. .Y. • `" .7 

t, ./ ' ".!' / 11, 

Z IRCONIUM PPM) 
) r • • 

C...• 010001 

200 • • • - • • • • 

Anc.en1 minclreoch, 1-•-•—•1 • 
or 9(0r7 Solt ISO 

• -F) „ - • 

S:09 Ham onL,0•1 
01•••••••g 0$0.01.00 

100 

70 200 

• 
A. 

i/ts•• 

; 
. ••„%. 

• • ' 
• 

• 
• -
Tr*. ••• 

/, • ' 
„ 

Wad.,- thewHig 
sample 1000.00 

20 

0,3 OS IKLOWTO, 

Figure 7.- Geochemical map of Samrah and vicinity showing the distribution of zirconium in 
wadi sediment (30 to 80 mesh). 

\ \ i'V *, NA. 

,,
0•••••I \_,, y . ' ---• \ 1 

/--- '''''-*' •c j ' , •
*i 

,47 • 

I \..:\--' 7 — ,i- A7 _, 
▪ \ V • , , ›. 

I\ i I 
:: 

\ g<i- \\ \•., i j/ 4\(.' 1s "-
e.,.. . - • /\ 4ik 1\ — 

••• IS' 44. le 
2. • • rr • I - \ +14. ze

._. _\ ,c:: 4\ . \rr's 
EXPLANATION ...— ..1.,- 16"1.'los— 4.•1 .• *, 

; 

A . LANTHANUM (PPM) /
Cf.( of 01001 

>30 

Anclefil mons,lrench. / /.. \ 
0' 91017 $1010 3 -f\-14' '9V/ ..:, - ,-jI. ,)::-1:%":•; -7: k---- s ‘ • .„- - - \ _ 7.----\ A. \ ,\ - \ --, .5,_ _ . , . •

20 
Slog from on c rim --•,,,\, ..--,,-. ---. T -/*0.11.09 •••totion <20 

/ • '( 5;1_ 

Wad,- 050.00.9 
00.0010 /09.01100 kt 

I r 

,,,,_refaS -
\ 2-4 

% -)s. 

/ 
/ 0,3 0 05 

. ----L 
• \ 

Figure 8.- Geochemical map of Samrah and vicinity showing the distribution of lanthanum in 
wadi sediment (30 to 80 mesh). 

9 





NEWARK, NJ. • WILLIAMSPORT, PA, 
LOS ANGELES, CALIF. 

BRANT/ ORD, OM. 

NA06 IN U.S.A. 



k 


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16
	Page 17
	Page 18
	Page 19
	Page 20



